
N A S A  TECHNICAL NOTE NASA TN D-4632 

N 
c*) 

A N  INVESTIGATION OF FULL-SCALE 
HELICOPTER ROTORS AT HIGH ADVANCE RATIOS 
AND ADVANCING TIP MACH NUMBERS 

bY 
John L. McCloud III und Jumes C. Biggers 

Ames Reseurch Center 

UHd 

Robert H. Stroub 

Army Aeronuuticu I Reseurcb Luborutory 

N A T I O N A L  AERONAUTICS A N D  SPACE A D M I N I S T R A T I O N  W A S H I N G T O N ,  D. C.  JULY 1968 



NASA TN D-4632 

AN INVESTIGATION O F  FULL-SCALE HELICOPTER ROTORS 

AT HIGH ADVANCE RATIOS AND ADVANCING 

TIP MACH NUMBERS 

By John L. McCloud I11 and James C. Biggers 
A m e s  Research  Center  

Moffett Field, Calif. 

and 

Robert  H. Stroub 
Army Aeronautical  Resea rch  Laboratory 

Moffett Field, Calif. 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

For sale by the Clearinghouse for Federal Scientific and Technicol Information 
Springfield, Virginia 22151 - CFSTI price $3.00 



AN INVESTIGATION OF FULL-SCALE HELICOPTER ROTORS 

AT HIGH ADVANCE RATIOS AND ADVANCING 

TIP MACH NUMBERS 

By John L. McCloud I11 and James C. Biggers 
Ames Research Center 

and 

Robert H. Stroub 
Army Aeronautical  Research Laboratory 

SUMMARY 

Five f u l l - s c a l e  ro to r s  were inves t iga ted  a t  var ious advance r a t i o s  and 
advancing t i p  Mach numbers i n  t h e  Ames 40- by 8 0 - ~ o o t  Wind Tunnel. 
mary d i f fe rences  between ro to r s  were t w i s t ,  a r t i c u l a t i o n ,  and t i p  a i r f o i l  
s ec t ion .  
t h e  e n t i r e  blade length .  
r a t ed  leading-edge camber over t h e  ou te r  20 percent  of t h e  blade rad ius .  

The p r i -  

Four of t h e  ro to r s  incorporated t h e  NACA 0012 a i r f o i l  s ec t ion  over 
The f i f t h  r o t o r  had taper ing  thickness  and incorpo- 

The f u l l y  a r t i c u l a t e d  r o t o r  with zero t w i s t  blades w a s  t e s t e d  a t  advance 
r a t i o s  from 0.30 t o  1.05. 
0.50 advance-ratio range. 
t e s t e d  at advancing blade t i p  Mach numbers up t o  1.00. 

The o the r  ro to r s  were inves t iga ted  i n  t h e  0.30 t o  
The t e e t e r i n g  r o t o r  with tapered t i p  blades w a s  

Force, moment, power, and con t ro l - se t t i ng  data were obtained f o r  a wide 
range of l i f t  and propuls ive f o r c e s ,  and a r e  presented without d i scuss ion .  

INTRODUCTION 

Modern he l i cop te r  design requi res  a knowledge of r o t o r  performance 
c h a r a c t e r i s t i c s  a t  high forward speeds. Theoret ical  p red ic t ions  have not been 
subs t an t i a t ed  i n  t h i s  a r ea ,  and only a l imited amount of experimental data has 
been ava i l ab le .  
encountered at  high speed, many of t h e  assumptions and approximations of r o t o r  
theory become quest ionable .  Questions a r i s e  regarding not only t h e  magnitudes 
of r o t o r  forces  and moments, but  a l s o  t h e  charac te r  of r o t o r  operat ion,  f o r  
example, f lapping  s t a b i l i t y  at  advance r a t i o s  as high as 1.0. 

Because of t h e  changing environment of r o t o r  operat ion 

In  order  t o  inves t iga t e  these  quest ionable  a reas ,  s eve ra l  f u l l - s c a l e  
ro to r s  have been t e s t e d  i n  t h e  40- by &-foot wind tunnel .  
be useful f o r  he l i cop te r  designs f o r  t h e  near f u t u r e ,  and should provide a 
basis of comparison f o r  r o t o r  performance p red ic t ion  techniques and advanced 
r o t o r  systems. 

The r e s u l t s  should 



Ful ly  a r t i c u l a t e d  r o t o r s ,  56 f ee t  i n  diameter,  and t e e t e r i n g  ro to r s  48 
and a t  and 34 f e e t  i n  diameter, were operated a t  advance r a t i o s  up t o  1.03 

advancing t i p  Mach numbers up t o  1.00. 

Data were obtained f o r  a wide range of lift and propulsive fo rce ,  and are 
presented without discussion.  

NOTAT ION 

Pos i t ive  d i r ec t ions  of forces  and moments are shown i n  t h e  fol lowing 
sketch. 

Ais, B1, coe f f i c i en t s  i n  t h e  representat ion of rotor-blade cyc l i c  p i t c h ,  
t h a t  i s ,  8, = -AI, cos lf - BlS  s i n  9, deg 

ais, b l s  f i r s t  harmonic f lapping  coe f f i c i en t s  r e l a t i v e  t o  s h a f t  normal 
plane,  deg 

shaft-axes drag r o t o r  drag coe f f i c i en t  i n  shaft-axes system, cH 

0 PS( m2 - 

cLR l i f t  
r o t o r  l i f t  coe f f i c i en t  i n  wind-axes system, 

P S ( . W 2  

r e s u l t a n t  rolling-moment coe f f i c i en t  about r o t o r  cen te r  i n  wind- G x  - 
cs 

r o l l i n g  moment 
axes system, 

~S(RR)~R 
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rolling-moment c o e f f i c i e n t  about r o t o r  cen te r  i n  shaft-axes system CmxB 

r e s u l t a n t  pitching-moment coe f f i c i en t  about r o t o r  cen te r  (same Y Crn - 
d 

p i t ch ing  moment 
i n  both wind-axes and shaft-axes systems),  

p ~ (  S ~ R ) ~ R  

-- r e s u l t a n t  yawing-moment c o e f f i c i e n t  about r o t o r  c e n t e r  i n  wind 
d awing moment axes system, Y 

ps ( QR)'R 

CT 

d 

r o t o r  

r o t o r  

to rque) (  a) 
DS(QR)~ power c o e f f i c i e n t ,  ( 9 

f o r  a r t i c u l a t e d - r o t o r '  data; based on ro tor -shaf t  t o r s i o n  
d a t a  
f o r  t e e t e r i n g - r o t o r  data, based on wind-tunnel balance data 

CP d prof ile-power c o e f f i c i e n t ,  - - d 

yawing-moment c o e f f i c i e n t  i n  shaf t -axes  system, 
shaft-axes yawing moment 

ps( RR)'R 

t h r u s t  r o t o r  t h r u s t  c o e f f i c i e n t  (shaf t -axes  l i f t  c o e f f i c i e n t )  , 
PS( .m2 

drag r o t o r  propuls ive-force c o e f f i c i e n t  i n  wind-axes system, - 
PS( QRI2 

s i d e  fo rce  (same i n  both wind-axes 
P S ( f W  

r o t o r  s ide- force  c o e f f i c i e n t ,  

and shaf t -axes  systems) 

rotor-blade t i p  Mach number a t  goo azimuth pos i t ion  

f ree-stream dynamic pressure ,  ( 1/2)p? , lb / f t2  

M( 1) (90)  

q 

R r o t o r  radius ,  f t  

S reference a r e a  [ (number,of b lades)  X (b lade  chord) 
x ( r o t o r  r a d i u s ) ] ,  f t  
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T 

v 

V 
RR 
- 

aC 

P 

R 

CT 

@C 

81  

'0 .75 

'grip' e g 

4J 

0 free-stream temperature, R 

free-stream ve loc i ty ,  f t / s e c  

advance r a t i o  

angle of a t t a c k  of cont ro l  axis (swash p l a t e )  r e l a t i v e  t o  tunnel  
cen te r l ine ,  pos i t i ve  t i l t e d  af t ,  as - B l s ,  deg 

angle of r o t o r  s h a f t  from v e r t i c a l ,  pos i t i ve  s h a f t  t i l t e d  a f t ,  deg 

a i r  dens i ty ,  slugs/ft3 

r o t o r  r o t a t i o n a l  speed, radians/sec 

S r o t o r  s o l i d i t y ,  - 
nFF 

cyc l i c  p i t c h ,  deg* 

t w i s t ,  deg* 

* c o l l e c t i v e  p i t c h  a t  0.75R, deg 

c o l l e c t i v e  p i t c h  a t  2.33-ft  r a d i a l  d i s tance  from 

rotor-blade azimuth angle measured from downwind 
d i r e c t i o n  of ro t a t ion ,  deg 

MODEL DESCRIPTION 

General 

hub center ,  deg* 

pos i t i on  i n  

Figure 1 shows t h e  ro to r  systems i n s t a l l e d  i n  t h e  wind-tunnel t e s t  
s ec t ion .  
able t a i l  s t ru t .  Rotor power w a s  provided by a l?OO-hp, variable-frequency 
e l e c t r i c  motor i n s ide  t h e  f a i r e d  bodies.  
remotely cont ro l led  and monitored from t h e  con t ro l  room. 
r o t o r  f lapping coe f f i c i en t s  r e l a t i v e  t o  t h e  s h a f t  were obtained from 
e lec t ronic  f lapping reso lvers .  

Rotor-shaft angle of a t t a c k  w a s  remotely cont ro l led  using an extend- 

Col lect ive and cyc l i c  p i t c h  were 
First-harmonic 

*Pitch angles a r e  measured from a plane perpendicular t o  the  ro to r  s h a f t  
and the l i n e  of zero l i f t  of the a i r f o i l  sect ion.  

4 



Ful ly  Ar t icu la ted  Rotors 

The two sets of blades inves t iga ted  with t h e  f u l l y  a r t i c u l a t e d  r o t o r  
system were dimensionally i d e n t i c a l  except f o r  t w i s t .  
t w i s t ,  and t h e  o the r  00.  
a r t i c u l a t e d  ro to r s  i s  l i s t e d  below. 

One s e t  had -8' l i n e a r  
The dimensional information r e l a t ed  t o  t h e  f u l l y  

Rotor rad ius ,  R ,  f t  28 
Blade chord, c ,  f t  1.337 
Cutout rad ius ,  f t  4.48 
Rotor s o l i d i t y ,  bc/flR o .062 
Reference area, f t 2  153 -1 
Blade moment of i n e r t i a  about f lapping  hinge, 

f t - lb-sec2 1264 
Blade weight moment about f lapping  hinge, l b - f t  2263 
Flapping hinge o f f s e t ,  f t  1 .o 
Number of blades,  b 4 
A i r f o i l  NACA 0012 
Blade t ape r  r a t i o  1 .o 

A standard H-34 transmission and r o t o r  s h a f t  were dr iven by the  1500-hp 
motor, and a s p e c i a l  high-strength ro to r  cont ro l  system w a s  used. 

Teeter ing Rotors 

Three sets  of blades were used on the t e e t e r i n g  r o t o r  system. The 
standard blades (48-ft diameter) and the 34- f t  blades had NACA 0012 a i r f o i l  
sec t ions .  
ness r a t i o  from 0.8 R t o  the t i p ,  which was approximately the  NACA 21006 a i r -  
f o i l .  The t i p  a i r f o i l  i s  described i n  d e t a i l  i n  t a b l e  I. The dimensional 
information r e l a t e d  t o  the  t e e t e r i n g  ro to r s  i s  given below. 

The t h i r d  blade s e t  (48-ft diameter) w a s  l i n e a r l y  tapered i n  th ick-  

Rotor radius ,  R, f t  
Blade chord, e, f t  
Cutout radius ,  f t  
Rotor s o l i d i t y ,  bc/nR 
Reference area,  f t 2  
Blade t w i s t ,  l i nea r ,  deg 
Blade t ape r  r a t i o  
Hub precone angle, deg 
B l a d e  moment of i n e r t i a  about 

* f lapping  hinge, f t - lb -sec2  
Number of blades 
A i r f o i l  

24.0 17.0 
1 - 7 5  1-75  

0.0464 0.0656 
84.0 59.5 

-10.9 -7.7 
1.0 1.0 

2-75  2.75 
2458 

2 2 8 ~  1584 
2 2 

NACA 0012* NACA 0012 

2.04 2.04 

*The tapered- t ip  blades were NACA 0012 from the  
roo t  t o  0.8 R, and l i n e a r l y  tapered i n  thickness from 
0.8 R t o  the 6-percent-thick t i p .  The zero l i f t  l i n e  
of  the  cambered t i p  sec t ions  was varied s o  t h a t  the  
t w i s t  d i s t r i b u t i o n  was l inea r .  (See t a b l e  I .) 
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A standard UH-1D transmission and r o t o r  s h a f t  were used i n  conjunction 

The r o t o r  w a s  cont ro l led  by a modified UH-1B con t ro l  system. 
with a speed-increasing transmission t o  match t h e  motor speed t o  t h e  UH-1D 
transmission. 

OPERATING PROCEDURES 

Tunnel speed and ro to r  r o t a t i o n a l  speed were adjusted t o  obta in  t h e  
desired advance r a t i o  and advancing t i p  Mach number. 
as 
harmonic blade f lapping,  and data were then recorded. 
as 
reached i n  motor power, con t ro l  pos i t ion ,  o r  s t r u c t u r a l  loading. 

A t  each combination of 

Col lect ive p i t c h  o r  
and c o l l e c t i v e  p i t ch ,  t h e  cyc l i c  p i t c h  w a s  adjusted t o  minimize f i r s t  

w a s  then changed and t h e  above procedure repeated u n t i l  a l i m i t  w a s  

Data Reduction 

Six-component fo rces  and moments were measured by t h e  wind-tunnel balance 
system. 
fo rces  and moments produced by the exposed m o d e l  support struts,  the faired 
body, and t h e  r o t a t i n g  hub. 
inboard of 0.0814 R f o r  t h e  a r t i c u l a t e d  hub. 
r o t a t i n g  hardware inboard of t h e  2.66 f t  radius s t a t i o n  w e r e  included i n  t h e  
tares. 
Rotor downwash e f f e c t s  on t h e  tares were neglected because of a l ack  of confi-  
dence i n  any known technique f o r  assessing t h e i r  magnitude. 
are t h e  f a i r e d  c u x e s  i n  f i g u r e s  2 ,  3, and 4.  The control-axis  angle of 
a t t a c k  (a,) was determined by t h e  equation 

Tare cor rec t ions  were appl ied t o  t h e  balance da t a  t o  account f o r  

The r o t a t i n g  hub tares included a l l  hardware 
For t h e  t e e t e r i n g  ro to r ,  a l l  

The tares appl ied were based on wind-tunnel dynamic pressure  and as. 

The tares used 

C L ~  = as - BlS  

where long i tud ina l  cyc l i c  coef f ic ien t ,  Bls, w a s  obtained from model 
instrumentation. 

Rotor torque and r o t a t i o n a l  speed were used t o  compute the t o t a l  power 
For the  t e e t e r i n g  ro to r ,  r o t o r  torque was measured with coe f f i c i en t  Cp/o. 

the wind-tunnel balance. For the a r t i c u l a t e d  ro tor ,  torque was measured with 
a s h a f t  t o r s ion  gage as w e l l  as with the wind-tunnel balance. The s h a f t  power 
d a t a  a r e  presented i n  the f igu res  s ince  these da t a  a r e  independent of r o t o r  
wake in te r fe rence  e f f e c t s  on the  fuselage.  Comparison of torque obtained from 
the  r o t o r  s h a f t  with t h a t  obtained from the  wind-tunnel balance ind ica t e s  t h a t  
these in te r fe rence  e f f e c t s  a r e  small. The maximum di f fe rence  between these 
torques corresponds t o  3 percent of maximum power. The r o t o r  p r o f i l e  power 
coef f ic ien t  i s  based on the  assumption of  uniform downwash d i s t r i b u t i o n  over 
the  r o t o r  disk.  

6 



Data Presenta t ion  

Test  condi t ions f o r  both the  a r t i c u l a t e d  and t e e t e r i n g  r o t o r s  are i l l u s -  
t r a t e d  on the  r o t o r  ve loc i ty  diagrams i n  f igu re  5. Numbers ad jacent  t o  t h e  
symbols on these  diagrams r e f e r  t o  f i g u r e  numbers which present  the  p lo t t ed  
d a t a  f o r  t h a t  condi t ion.  (An index t o  the  f igu res  i s  given i n  t a b l e  11.) 

Tabulated d a t a  from t h e  a r t i c u l a t e d  and t e e t e r i n g  r o t o r  tes ts  are indexed 
i n  t a b l e  I11 and are presented i n  both the wind-axes and shaf t -axes  systems i n  
t a b l e s  I V - 1  through IV-62. 

Although t h e  technique used i n  these  tes ts  was se l ec t ed  t o  obta in  d a t a  
with a1 = bls = 0, numerous da t a  were recorded f o r  which f lapping  was not 
zero.  O f  those da ta ,  only those for which \als!  o r  Iblsl w a s  g r e a t e r  than 
0.2 are s o  noted and l i s t e d  i n  the  tabula ted  da ta .  For the  p l o t t e d  da ta ,  
nonzero f lapping  i s  not  noted except i n  f igu res  7 and 8 where t 5  
f lapping  was i n t e n t i o n a l l y  induced f o r  s eve ra l  points .  

S 

0 
0 of l a te ra l  

Ames Research Center 
Nat ional  Aeronautics and Space Administration 

Moffett  F i e ld ,  Cal i f .  94035, March 5, 1968 
721 -01 -00 -13 -00 -21 

7 



TABU I .-  W P E R  AND LOWER SURFACE COORDINATES FOR BLADE TIP A I R F O I L  SECTION 

FOR TEETEXING ROTOR TAPERED TIP BLADE 

[ A l l  dimensions a r e  i n  inches]  

Yu 

- 

X 

0 
.io5 
.210 
.420 
.630 
.840 

1.050 
1 - 575 
2.100 
2.625 
3 -150 
4.200 
5.250 
6.300 
7.350 
8 .bo0 
io. 500 
12.600 
14.700 
18. goo 
19 -950 
21.000 

'upper 

-0.25 
- .082 
- .002 
,110 
.1-93 
.260 
.318 
.415 
.485 
532 
.362 
.603 
.623 
,630 
.625 
.609 
.556 
479 
,385 
,152 
.085 
.020 

'lower 

- .343 
- -373 - .398 - .417 
- .435 - .451 - .4gO 
- .520 
- e545 - .562 
- ,603 
- .623 
- .630 
- .625 
- .609 
- .556 
- .479 
- -385 - .152 
- .085 
- .020 

-0.25 

Leading-edge radius = 0.062 at  y = -0.250. 
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TABU 11.- INDEX TO FIGURES 

Figure 
No. T i t l e  

1 General view of r o t o r  systems. ( a )  Ar t icu la ted  r o t o r  system. 
( b )  Teeter ing rotor system. 

2 Tare d a t a  No. 1 (used f o r  a r t i c u l a t e d  r o t o r  data with f a i r i n g  over 
tai l-strut  dynamic absorber ) .  

3 Tare da t a  No. 2 (used f o r  a r t i c u l a t e d  r o t o r  data without f a i r i n g  over 
tai l-strut  dynamic absorber ) .  

4 Tare data No. 3 (used for t e e t e r i n g  r o t o r  data). 

5 Rotor v e l o c i t y  diagrams. 

0 
Art icu la ted  r o t o r  with el = -8 , 

= 0.74 

= 0.82 

= 0.82 

( 1x90 1 
(4(90) 

(1>(90> 

6 V/RR = 0.30, M 

7 V/QR = 0.40, M 

8 V/QR = 0.46, M 

0 
Art icu la ted  r o t o r  w i t h  el = 0 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

= 0.73 

= 0.83 

= 0.82 

= 0.83 

= 0.73 V/fE = 0.62, M 

= 0.68 V/s1R = 0.71, M 

= 0.62 V/RR = 0.82, M 

= 0.62 V/RR = 0.83, M 

= 0.54 V/QR = 1.05, M 

V/RR = 0.40, M(1)(90) = 0.67 

V/LB = 0.41, M = 0.87 

(4(90) 

( 1) ( 90) 

( 1) ( 9 0  1 

( 4 9 0  1 

(1)(90) 

(4(90> 

( 1) ( 9 0  1 

(.)(go) 

(4(90> 

V/RR = 0.30, M 

V/RR = 0.40, M 

V/RR = 0.46, M 

V/QR = 0.50, M 
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TABLE 11.- INDEX TO FIGURES - Concluded 

Figure 
No. 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

T i t l e  

Ar t icu la ted  r o t o r  w i t h  0 1  = Oo, 

= 0.89 

= 0.93 
( 1 > ( 9 0 >  

( 1 ) ( 9 0 )  

V/OR = 0.39, M 

V/RR = 0.39, M 

Teetering 48-ft r o t o r  with s tandard blades,  

= 0.79 

= 0.85 
(1)(90)  

(1) (90)  

V I # ?  = 0.30, M 

V/QR = 0.30, M 

V/QR = 0.30, M ( l ) ( 9 0 )  = 0.95 

v/m = 0.35, M ( 1 . ) ( 9 0 )  = 0.85 

= 0.95 

= 0.85 
( 1) ( 9 0 )  

(1)(90)  

V/QR = 0.35, M 

V/RR = 0.40, M 

Teeter ing 48-ft r o t o r  with t ape red - t ip  blades,  

= 0.85 

= 0.95 
( 1 ) ( 9 0 )  

(1)(90) 

V/QR = 0.30, M 

V/OR = 0.30, M 

V/QR = 0.30, M(1)(90)  = 1.00 

= 0.85 

= 0.94 

= 0.84 

( 1 ) ( 9 4  

( 4 ( 9 0 )  

( N 9 0 )  

V/RR = 0.35, M 

V/RR = 0.35, M 

V/s1R = 0.40, M 

Teeter ing 34-f t ro to r ,  

V/QR = 0.31, M(1)(90) = 0.65 

= 0.55 

V/QR = 0.79, M(1.)(90) = 0.52 
( 1) ( 90 ) 

V/SR = 0.66, M 
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TABU 111.- INDEX TO TABLES* 

Table numbers 

Wind Shaf t  
axes axes 

IV- 1 IV-32 

I V -  2 IV-33 

Iv- 3 Iv-34 

IV- 4 IV-35 

N- 5 IY-36 

IV- 6 1v-37 

N- 7 rv-38 

I V -  8 IV-39 

N- 9 IV-40 

IV-10 IV-41 

IV-11 IV-42 

m-12 rv-43 

IV-13 IV-44 

IV-14 IV-45 

IV-15 IV-46 

IV-16 rv-47 

Descr ipt ion 

Ar t icu la ted  r o t o r  with 81  = -8O, 

V/s1R = 0.30, M (1)(90) = o.74 

V/m = 0.40, M ( 1 ) ( 9 0 )  = o*82 
= 0.82 

( 1) ( 90 1 V/W = 0.46, M 

0 Art icu la ted  r o t o r  with 01 = 0 

V/!2R = 0.30, M(1)(90)  = 0.73 

V/CE = 0.40, M(l)(90) = 0.83 

V/QR = 0.46, M(1)(90) = 0.82 

V/m = 0.30, M(1)(90)  = 0.83 

= 0.73 V/QR = 0.62, M 

= 0.68 V/OR = 0.71, M 

V/I;1R = 0.82, M 

V/iB = 0.83, M 

(1)(90)  

( 1) (90) 

(1)(90) = 0.62 

(1)(90) = oo62 
= 0.54 

v/m = 0.40, M(1)(90) = 0.67 

V/OR = 0.41, M 

V/m = 0.39, M ( 1 ) ( 9 0 )  = 0.89 

( 1 ) ( 9 0 )  
v/m = 1.05, M 

(1)(90) = 0.87 

*Abbreviations i n  t a b l e s  a r e  : 
CH f o r  CH/U 
CLR for cLD/a 

CP f o r  C ~ / U  
CPO for cp,/a 

V/OR f o r  v/m 
No. 1 t a r e  for 

fairing over 
t a i l  strut 

No. 2 tare f o r  
no f a i r i n g  over 
t a i l  s t rut  

11 



TABLE 111.- INDEX TO TABLES - Concluded 

Table numbers 

Wind Shaft  
axes axes 

IV-17 IV-48 

rv-18 IV-49 

N-19 IV-50 

rv-20 N-51 

IV-21 IV-52 

m-22 nr-53 

IV-23 IT-54 

IV-24 IV-55 

IV-25 117-56 

IV-26 rv-57 

IV-27 N-58 

rv-28 rv-59 

rv-29 IV-60 

rv-30 IV-61 

rv-31 IV-62 

Descr ipt ion 

Teeter ing ro to r ,  s tandard blades:  

= 0.79 

V/QR = 0.30, M(1)(90) = 0.85 

= 0.93 

= 0.85 

= 0.95 

( 1 ) ( 9 0 )  
V/s2R = 0.30, M 

( 4 ( 90 1 

( 4 ( 9 0 )  

( I)( 90 1 

V/m = 0.30, M 

V/QR = 0.35, M 

V/m = 0.35, M 

v/m = 0.40, M ( ~ ) ( ~ ~ )  = 0.05 

= 0.85 

= 0.95 

M(1)(90) = 1.00 

Teeter ing r o t o r ,  48-ft t ape red - t ip  blades : 

( 4 ( 9 0 )  

( 1 ) ( 9 0 )  

V/m = 0.30, M 

V/RR = 0.30, M 

V/RR = 0.30 

V/QR = 0.35, M ( l ) ( 9 0 )  = 0.85 

= 0.94 V/QR = 0.35, M 

v/m = 0.40, M(1)(90)  = 0.84 
(1>(90> 

Teeter ing r o t o r  , 34 -f t blades : 

= 0.65 

= 0.55 

v/QR = 0.79, M(1)(90)  = 0.52 

( 1 > ( 9 0 )  

(1)(90)  

V/RR = 0.51, M 

V/QR = 0.66, M 

I 12 
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A-37645 

( a )  Ar t icu la ted  r o t o r  system. 

A-37408 

( b )  Teeter ing r o t o r  system. 

Figure 1.- General view of r o t o r  systems. 
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Figure 5.- Rotor velocity diagrams. 
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